Dynamic analysis of a steel floating pipeline on sea  by Zhang, Shifu et al.
Available online at www.sciencedirect.com
2011 SREE Conference on Engineering Modelling and Simulation 
Dynamic analysis of a steel floating pipeline on sea 
Shifu Zhanga, Yunlong Wangb, Lianghua Liuc, Qixin Zhangd  
aSientific Research Department, Logistic Engineering University, Shapingba District, Chongqingˈ401311ˈChina 
b Postgraduate Department 2, Logistic Engineering University, Shapingba District, Chongqing, ˈ401311ˈChina 
c Postgraduate Department 2, Logistic Engineering University, Shapingba District, Chongqingˈ401311ˈChina 
Abstract 
A dynamic analysis of a kind of steel pipeline is presented in this paper. With a reasonable simplification of the 
working conditions, the finite element model of the pipeline is built. To get the optimal span, the dynamic 
displacement and internal force of the pipeline are calculated with ANSYS, considering the function of inertia and 
damp. Under the optimal span, a frequency response analysis is carried out, proving that resonance does not happen 
between the pipe and wave. Transient analysis of the pipeline is carried out with the Newmark’s ȕ theorem. The 
results show that the optimal span of the pipeline cannot be larger than the foregoing choice. 
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1. Introduction
      Due to the influence of wind, wave and other environmental loads, steel floating pipeline will be 
always in a complex state on the sea. Thus a thorough design must be carried out to insure its safety. In 
practical conditions, pipeline is fixed by anchors, namely being equidistantly anchored on the sea. 
Supposing that the pipeline is completely immobile at the anchored point, the freedom of motion being 
zero, the calculation of one single pipe span is enough for the study of the whole system. Under a steady 
working condition, the larger a single pipe span is, the more flexible the system will be. So the key 
problem to dress is to get the optimal span to ensure the flexibility as well as the reliability of the system. 
The pipeline chosen to be studied in this paper is a 6m DN150 steel pipeline. 
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2. Calculation of the Pipe Span 
          With basic assumptions, finite element model of single pipe span is built to calculate the optimal 
span. 
2.1. Assumptions 
          The stress working on the pipeline is complicated. Thus some appropriate simplifications are 
needed to facilitate the study: 
x Ignore the influence of torsion. 
x The pipeline is linearly stretchable, namely the relationship between the force on node and its 
displacement is linear. 
2.2. Finite element model 
          Element PIPE59 in the software ANSYS is used to solve the problem. The element PIPE59 is 
similar to beam element but more powerful, with the function of buoyancy, waves and current loads 
calculation [1]. Fig. 1 shows the mechanical model of element PIPE59. 
 
Fig.1. mechanical model of element PIPE59 
          The characteristics of the pipeline are: material, X65 steel; elastic modulus, 
82.07 10 kPau ; 
allowable stress [ı], 448MPa; drag coefficient CD, 1.0; inertial force coefficient CM, 2.0; diameter, 
152mm; thickness, 2.6mm. Other factors are: density of sea water, 1025kg/m3; density of transported 
medium (diesel), 830kg/m3; distance between pipe axis and sea level, 200mm . 
          There are four optional wave theories suitable for the calculation of wave loads [2] [3] [4]. After 
calculation it is known that the result of Stokes’s 5th wave theory is larger. So the Stokes’s 5th wave 
theory is chosen in case of the worst condition. The parameters are: wavelength L, 20m; Cycle T, 3.25s; 
Effective wave height H1/3, 1.25m [5]. 
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2.3. Results. 
          Input data to calculate the model. Results of displacement and stress are obtained and showed in 
table 1 and table 2. 
 
Table 1 Maximum displacement of different pipe spans  
 
Direction of displacement 
Displacement of different pipe spans (m) 
6  18 24 30 36 42 
X 0.98E-07 0.77E-06 0.10E-05 0.13E-05 0.15E-05 0.14E-05 
Y 0.818-03 0.07538 2.585 4.069 5.644 7.407 
Z 0.001931 0.016468 0.014685 0.017756 0.020618 0.021103 
 
Table 2 Stress of different pipe spans 
 
        Pipe span (m) 
Stress (Pa) 
6 18 30 36 42 48 
X 0.388E08 0.676E09 0.144E09 0.182E09 0.212E10 0.238E10 
Y 4503 8902 8902 8902 8902 8902 
Z 129418 255828 255828 255828 255828 255828 
 
          From the table we know that when the span increases to 42m, the axial stress will exceed the limit. 
So the optimal span is 36m. 
3. Steady-State Analysis 
3.1. Basic theory 
          Dynamic balance equation for rod-shaped structure submerged in water is as follow. 
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          The variables are: C, general damping; CM, 2; 
 2 1
4 M
D C yU S  
, attachment water  molar 
inertial force; 1m y , structural inertial force. It is a linear problem of damping. [6]. 
3.2. Model 
          Finite element model of pipeline with a span of 36m is established in the ANSYS. 
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          Both ends of the element are completely restricted in the model. Rotating freedom of X direction is 
set to 0 at the joint points, while rotation degree of Y and Z direction are limited within 3 °. 
 
3.3. Simulation results 
          According to the model the 1st to 6th inherent frequencies of the model is gotten, which is shown in 
table 3. Fig. 2 is part of the vibration shapes of the 36m pipe model. 
Table 3. 1st to 6th inherent frequencies of the model 
Step 
Inherent frequency˄Hz˅ 
Considering attachment water No attachment water 
1st 0.45984 0.6741 
2ed 0.63721 1.2263 
3rd 1.1641 1.7016 
4th 1.5823 2.2917 
5th 2.1837 2.6031 
6th 2.4649 3.3175 
 
               
Fig.2. (a) the 1st vibration mode; (b) the 6th vibration mode 
          From the data it is known that attachment water has an obvious influence on the pipe. So it must be 
considered in the calculation.  
          It is also known that the frequency distribution is dense and the pipe inherent frequency decreases 
with the increasing of the pipeline span. This explains the complexity of the pipeline working conditions 
and the importance of selecting the right span, since it would be very dangerous if wave frequency and 
pipe inherent frequency overlap. 
3.4. Frequency response analysis 
          When wave frequency and pipe inherent frequency overlap, the displacement response would be 
remarkable and the pipe would be very unstable. Thus, a frequency response analysis must be carried out 
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to check whether resonance happens between the pipe and wave. Fig. 3 is variation curve of the pipe 
frequency. 
 
  
Fig.3. (a) Variation curve of UY-Frequency    (b) Variation curve of UZ-Frequency(c) Variation curve of UX-Frequency 
          The pipeline works in offshore with wave frequency of 1.9 Hz. The figure shows that the two 
frequencies do not overlap. As a result, the pipeline is safe. 
4. Transient Analysis 
4.1. Integral method 
          Numerical methods for the dynamic equation include linear acceleration method, Wilson’s © 
theorem, the Newmark’s ȕ theorem, midpoint acceleration method, Runge–Kuta’s theorem and Houboult 
method, etc. In this paper Newmark’s ȕ theorem is used in ANSYS. 
4.2. Results 
          Fig. 4 is the time-history curve of the midpoint displacement of the model in different directions. 
Table 3 is a comparison of static calculation results with dynamic results.  
                       
Fig.4. (a) Displacement in X direction;  (b) Displacement in Y direction; (c) Displacement in Z direction 
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Table 4 comparison of static and dynamic calculation  
Calculation results Maximum displacement (m) Maximum stress (Pa) 
Static 5.644 0.182E09 
Dynamic 6.63 0.257E09 
 
          Fig. 4 shows that the displacement of the pipe changes regularly in X and Y direction, while in Z 
direction it shakes intensely in each end of the period. From table 4 it can be seen that the dynamic 
calculation results are obviously higher than the static results. It can be explained by the structural 
dynamic amplification effect. In addition, the dynamic maximum stress still meets the required strength, 
proving the reliability of the 36m pipe span. 
          A time history analysis of the pipeline velocity and acceleration is also carried out in three 
orthogonal directions. The results show that the axial velocity and acceleration are low. However, the 
speed and acceleration in Y direction are high and changing remarkably. This is determined by the 
periodic waves. In Z direction, besides the gravity effect, the pipeline is also acted by the waves lift, 
resulting that both velocity and acceleration change periodically as the wave repeated. 
5. Conclusion 
          Based on the present investigations and results obtained, the following conclusions are drawn: 
The optimal span of the DN150 steel floating pipeline is 36m. Resonance will not happen between 
pipeline and wave when the pipe works on the offshore sea. Wave force determines not only the size of 
displacement, stress, velocity and acceleration of the pipeline, but also the periods of them. The max 
dynamic stress obtained by time history analysis is still smaller than the admissible stress, confirming the 
validity of the foregoing simulation. 
 Reference 
[1]Wei  Li. ANSYS Civil Engineering Application.  China Water Conservancy and Hydropower Publishing, Beijing; 2007. 
[2] You Yang. Marine Fundamental Engineering. Shanghai Jiaotong University Publishing, Shanghai; 2002. 
[3]FuAn Ren. The Dynamics of the Ocean.  Dalian Maritime University Publishing, Dalian; 2001. 
[4]YuCheng Li, Bing Teng,. Wave action on maritime structures. Navy Publishing, Beijing; 2002. 
[5]Liang Ma. Review of the Technology of Sea Pipeline. Oil & Gas Storage and Transportation Publishing,; May,1989, p. 7-14. 
[6]LiangCheng Chu, NaiQiu Qu, RuiFeng Lin. Analysis of Attachment Water Effecting to the Dynamic Response of Structure. 
Journal of Vibration and Shock; 1994, p.67-75. 
